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Accepted 25 January 2016Introduction: The combination of anterior and posterior approaches when indicated in unstable thoracolumbar
fractures provides the most stable reconstruction. However, the use of both approaches on a trauma patient is
associated with signiﬁcant morbidity. We evaluated the clinical outcome, morbidity and feasibility of single
stage posterior midline approach for decompression and three column stabilization using expandable cage and
pedicle screws.
Methods: The cases of ﬁfteen patients with severe traumatic thoracolumbar fractures/dislocations that were
managed with single-stage decompression, reconstruction and three column stabilization using an expandable
cage via an entirely posterior approach were included in this study. Data on age, sex, mechanism of injury neu-
rological status, surgical technique, radiological and clinical outcome were reviewed retrospectively.
Observation: Therewas no difference between the preoperative and immediate postoperative neurological status
of the patients. The average blood loss was 580ml and average operating timewas 4 h 30minutes. Adequate de-
compression, ﬁxation and anterior column correction were achieved in all the patients. After a mean follow up
period of 21.4months, no patient complained of local pain and no signiﬁcant loss of corrections or hardware fail-
ure was observed.
Conclusion: Our experience proves that single stage posterior approach using pedicle screws and an expandable
cage is a safe and biomechanically reliable method for treating thoracolumbar fractures.





Expandable cage: spinal trauma1. Introduction
Burst thoracolumbar fractures are caused by axial compressive
forces and characterized by failure of anterior and middle spinal
columns. Transverse and rotational loading may disrupt all the three
columns. Themajority can be treated successfully without an operation.
When deemed necessary, however, numerous surgical techniques have
been described, though the best treatment for thoracolumbar fractures
is still elusive.
For these unstable neurologically involved fractures, a combination of
anterior decompression, reconstruction and posterior instrumentation is
often suggested for optimal stability [1]. However, the extensive surgical
measures, including the anterior approach increase the morbidity,
especially with traumatized thoracic or peritoneal cavities [2,3,4].gery, Dr. Ram Manohar Lohia
India. Tel.: +91 9984014649
en access article under the CC BY-NCTheoretically, stabilization of both columns through a posterior approach
would avoid these risks, shortcomings and facilitate rehabilitation.
We have described a transpedicular technique, whichwas originally
designed for severe scoliosis and kyphoscolosis [5] to perform a column
resection by a posterior only approach and applied this for anterior
decompression and anterior column reconstruction in patients of
thoracolumbar fractures. Additional three column transpedicular
ﬁxation was achieved in all the patients. Data on age, sex, mechanism
of injury neurological status, surgical technique, radiological and clinical
outcome were reviewed retrospectively.
2. Materials and methods
Between September 2012 and October 2013, 15 patients with
thoracolumbar injuries were operated in our department.
Neurological deﬁcits were assessed using the American Spinal Injury
Association (ASIA) impairment scale (Table 1). Pain was evaluated on a
visual analog scale (VAS). Antero-posterior and lateral x-rays of all
patients were taken pre and postoperatively and at the last follow-up
evaluation. Three-dimensional (3D) computed tomography (CT) or-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
ASIA Impairment Scale (AIS).
Grade Description
A Complete: No sensory or motor function is preserved
B Sensory incomplete: sensory but not motor function is preserved below the neurological level and includes the sacral segments S4–5 (light touch or pin prick at S4–5 or
deep anal pressure) AND no motor function is preserved more than three levels below the motor level on either side of the body.
C Motor incomplete: motor function is preserved below the neurological levela, and more than half of key muscle functions below the neurological level of injury (NLI)
have a muscle grade less than 3 (grades 0–2).
D Motor incomplete: motor function is preserved below the neurological levela, and at least half (half or more) of key muscle functions below the NLI have a muscle grade N3.
E Normal: normal and motor function
NOTE:When assessing the extent ofmotor sparing below the level for distinguishing between AIS B and C, themotor level on each side is used;whereas to differentiate betweenAIS C and
D (based on proportion of key muscle functions with strength grade 3 or greater) the neurological level of injury is used.
a For an individual to receive a grade of C or D, i.e. motor incomplete status, theymust have either (1) voluntary anal sphincter contraction or (2) sacral sensory sparingwith sparing of
motor function more than three levels below the motor level for that side of the body. The international standards at this time allows even non-key muscle function more than 3 levels
below the motor level to be used in determining motor incomplete status (AIS B versus C).
Fig. 1. The percentage of the canal compromise x= (1− a/b)× 100, where x is the percentage of canal compromise, a is the narrowestmid-sagittal diameter of the spinal canal at the level
of injury, and b is the average mid-sagittal diameter of the spinal canal at one level above and below the injured segment(b = b1 + b2/2).
Table 2
Preoperative radiology ﬁndings.
Serial no. Fracture site Canal compromise (%) Sagittal index Inter vertebral disc migration PLL ALL Posterior column involvement
1 L1 65 8 Present Ruptured Intact Present
2 L1 35 4 Absent Intact Intact Present
3 D12 90 31 Present Ruptured Intact Present
4 L1 70 16 Present Ruptured Intact Present
5 L2 35 6 Absent Intact Intact Present
6 D12 45 6 Absent Intact Intact Present
7 D12 35 4 Absent Intact Intact Present
8 L1 45 10 Absent Intact Intact Present
9 L1 62 10 Present Ruptured Intact Present
10 L1 66 20 Present Ruptured Intact Present
11 L1 62 18 Present Ruptured Intact Present
12 D12 72 26 Absent Ruptured Intact Present
13 L2 60 11 Present Ruptured Intact Present
14 L1 60 20 Absent Ruptured Intact Present
15 L1 65 30 Present Ruptured Intact Present
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Rupture of anterior and posterior longitudinal ligament was document-
ed on MRI images.The percentage of the canal compromise was determined using
the formula x = (1 − a/b) × 100, where x is the percentage of canal
compromise, a is the narrowest mid-sagittal diameter of the spinal
Table 3
Clinical ﬁndings of the patients.
Case no. Age (y)/sex ASIA score Additional traumatic injury Type of accident
1 21/M B Rt calcaneus fracture Fall from height
2 46/M A Absent Trafﬁc accident
3 30/M A Rt hemothorax Trafﬁc accident
4 56/F B B/L calcaneus fracture Fall from height
5 17/M A Absent Fall from height
6 41/M C Lt radius fracture Fall from height
7 50/F D Absent Fall from height
8 20/M C Absent Fall from height
9 47/F C Rt hemothorax Trafﬁc accident
10 65/F A Absent Fall from height
11 26/M C Fracture cervical spine Fall from height
12 33/M C Multiple rib fracture Trafﬁc accident
13 47/M A Absent Fall from height
14 56/M B Pelvic fracture Fall from height
15 66/M A Absent Fall from height
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the spinal canal at one level above and below the injured segment
(Fig. 1) [6].
Sagittal index was measured to quantify the local kyphotic deformi-
ty [7]. It ranges from 10° to 37°. Data on age, sex, mode of injury, neuro-
logical status, associated injuries and radiological ﬁndings wereFig. 2.Operative steps. (A) Trans-pedicular screws put in cranial and caudal vertebrae and rodsw
posterior two third of fractured vertebral body was drilled out, a thin rim of posterior body an
dissector or curved curette (C). Dynamic cage was inserted and expanded till it settles on su
compressed (F).presented in Tables 2 and 3. Antero-posterior and lateral x-rays were
taken of all patients postoperatively and at the last follow-up evalua-
tion. Reconstruction stability was deﬁned by the absence of progressive
kyphosis, loss of deformity correction, hardware failure, screw loosen-
ing, and local pain related to position changes.
2.1. Operative technique
All procedures were performed under general anesthesia in the
prone position. Midline incision given and sub-periosteal exposure of
bony elements achieved. The lamina of the fractured vertebrae and
the lamina of the cranial vertebraewere removed to expose the pedicles
of the fractured vertebrae. Discectomies were performed one level
above and one level below of the fractured vertebrae to expose the
end plates. The pedicles of the fractured vertebrae were exposed
completely. Unilateral or bilateral pedicular resection achieved based
over anterior compression. We routinely performed only one side
pedicular resection as optimumanterior decompression and cage place-
ment can be achieved unilaterally. Through the resected pedicle, the
posterior two thirds of the fractured vertebra were totally removed
with a high speed drill and hand curettes. To protect the durawhile dril-
ling a thin layer of cortex was left posteriorly which was broken with
curved curette later on. Anterior decompression of the dura was
achieved. Superior and inferior disc spaces were cleared with curvedere placed on one side. (B) Lamina of fractured vertebrae removed andwhole pedicle and
d posterior longitudinal ligament was left intact until last, which was later fractured with
perior and inferior end plates (D and E). Finally rods were placed on opposite side and
Fig. 3.Representative cases. Case 9 (a, b), preoperativeMRI images. (c, d) Postoperative digital x-rays antero-posterior and lateral views showing expandable cage behind the anterior one
third remnant of L1 vertebral body, ﬁxed by pedicle screw system. Case 13 (e), preoperative MRI images. (f, g) Postoperative digital x-rays antero-posterior and lateral views showing
expandable cage behind the anterior one third remnant of L2 vertebral body. The cage was settled of the midline, however, no displacement or kyphosis progression was observed in
one year after surgery. (h) Even the fractured bone fragments can be easily approached and removed from the lateral surgical corridor.
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vertebrae was kept intact, but a space for putting expandable cage
was formed within the fractured vertebrae.
Pedicular screws were introduced into the upper and lower verte-
brae and distraction was applied to assist the entrance of the expand-
able cage. The expandable cage, ﬁlled with autologous bone graft, was
inserted into the fractured vertebrae through the resected pedicle. The
nerve root exiting through the inferior foramen was protected during
placement of the cage. Cage was distracted so that it settles optimally
on the end plates. The distraction of the cage was guided by per-
operative antero-posterior and lateral ﬂuoroscopic image. Finally
pedicular screwswere loosened andﬁxed again in compression. The au-
tologous cancellous bone chips were embedded over the decorticated
posterolateral gutter to augment fusion (Fig. 2).
Three patients improved neurologically in immediate postoperative
period. Mean operative time was three hours and average blood loss
was two units. Sagittal correction was achieved in all patients. Para-
median contact of cage was observed in one patient in coronal plane
(Fig. 3). Mean follow up period ranges from 20 to 30 months.
3. Discussion
Several treatment options for thoracolumbar injuries are still under
debate. Many reports and even multicenter studies have not fully an-
swered the question of how to treat these injuries best. Consequently,
up to now, a “gold standard” does not exist [8,9]. Even in case ofassociated neurologic deﬁcit the choice of treatment seems to be open
and we lack a proof for superiority of any surgical treatment [10].
Considering the biomechanical aspect of thoracolumbar anatomy,
the vertebral body surface area gradually increases from T5 to L4, indi-
cating that from above downwards more and more weight is borne by
the anterior column. On the other hand the lamina index and the
mean articular facet area show a gradual increase fromT5 to T1o follow-
ed by a decrease from T11 to T12, indicating that weight passing
through the posterior column gradually increases from T5 to T1o with
abrupt change downwards [11].
Because of the inclination of the pedicles towards the bodies and the
anterior curvature of the spine in the thoracolumbar junction, there is a
tendency for the load to be transmitted from the posterior to the ante-
rior column [11].
The dynamic weight bearing load will change between the two col-
umns under different static and dynamic conditions of the body. At T12
level, the posterior column carries the least proportion of the load pass-
ing through the spine at that levelwhile at L5 level about 23%of the total
weight is borne by the posterior column alone [11].
In case of thoracolumbar fracture, where anterior column weight
bearing mechanism is deﬁcient, the posterior column will undergo se-
vere stress and there will be high chances of implant failure and pro-
gressive kyphosis. Addition of a expandable cage to replace the
fractured vertebrae signiﬁcantly decreases the stress over the posterior
ﬁxation construct [12,13]. Accordingly, the best management strategy
for these fractures is combined antero-posterior approach.
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thoracoabdominal, transperitoneal or retroperitoneal routes. However,
this approach is associated with increased blood loss; pulmonary com-
plications; including pleural effusion and hemothorax. The segmental
vessels ligation to mobilize the major vessels may result in spinal cord
infarction. The stated incidence of all vascular complications with ante-
rior lumbar spine surgery varies from 5% to 15% [14,15]. Femoral nerve
and sympathetic plexus injury may result from retraction of the psoas
majormuscle. Impotence and sterility, and bowel, urethra, and pancreas
injuries have also been reported [15]. Alternatively, long segment fusion
with laminectomy was advocated in these fractures, though anterior
decompression remains inadequate and posterior laminectomy alone
for decompression weakens the posterior column even further [16].
Since our patients were treated through posterior approach, none of
these complications occurred and reliable three column stabilization
with signiﬁcant anterior decompressionwas obtained by this technique
in all patients.
Although expandable cage can be used alone, if placed in the inter-
vertebral space, there is a risk of displacement of the vertebra or the de-
vice, known as pole-vaulting [17]. Pole-vaulting can be deﬁned as the
sliding of the spine caused by effects of the ends leaning on the corpus,
resulting in displacement of the graft and vertebra over time. Accord-
ingly, the best method is stabilization of the expandable cage through
anterior and, even better, posterior constructs. This procedure was
achieved in our patients through transpedicular screws.
The another advantage of this approach to anterior approach
was preservation of anterior longitudinal ligament (ALL) and anterior
part of fractured vertebrae which not only prevents the pole vaulting
but also the anterior displacement and rotational strain over the ex-
pandable cage. It also prevents trauma to anterior vascular structures
during cage placement.
This approach can be performed in a single settingwithout any need
to change the position of the patient. Second correction of the kyphosis
angulation can be signiﬁcantly corrected by compression of the pedicle
screw system. Third, repair of dural tears which occurs in 32% of burst
fractures can be achieved at the same time [18].
Last but important aspect is every neurosurgeon familiar with
spinal operations can perform this surgery without assistance of a tho-
racic surgeon.In conclusion, a single stage posterior based partial transpedicular
vertebral body resection in combination with circumferential recon-
struction using expandable cage and transpedicular screws is a viable
technique to safely manage thoracolumbar burst fractures while poten-
tially reducing operation time, risks, and operative morbidity.
References
[1] D.K. Resnick, E.C. Benzel, Lateral extracavitary approach for thoracic and thoracolumbar
spine trauma: operative complications, Neurosurgery 43 (1998) 796–802.
[2] R.J. Oskouian, J.P. Johnson, Vascular complications in anterior thoracolumbar spinal
reconstruction, J. Neurosurg. 96 (2002) 1–5.
[3] S.H. Westfall, B.A. Akbarnia, J.T. Merenda, Exposure of the anterior spine: technique,
complications, and results in 85 patients, Am. J. Surg. 154 (1987) 700–704.
[4] J.K. Baker, P.R. Reardon, M.J. Reardon, Vascular injury in anterior lumbar surgery,
Spine 18 (1993) 2227–2230.
[5] X.S. Zhang, Y. Wang, Y.G. Zhang, S.H. Xiao, Z. Wang, N. Lu, et al., Innovative surgical
treatment for severe thoracolumbar burst fracture or obsolete traumatic kyphosis, J.
Spinal Surg. (Chin.) 5 (2007) 73–76.
[6] T. Hashimoto, K. Kaneda, K. Abumi, Relationship between traumatic spinal canal stenosis
and neurologic deﬁcits in thoracolumbar burst fractures, Spine 13 (1988) 1268–1272.
[7] J.P. Farcy, M. Weidenbaum, S.D. Glassman, Sagittal index in management of
thoracolumbar burst fractures, Spine 15 (1990) 958–965.
[8] S.D. Gertzbein, Scoliosis Research Society. Multicenter spine fracture study, Spine 17
(1992) 528–540.
[9] C. Knop, M. Reinhold, C. Roeder, L. Staub, R. Schmid, R. Beisse, et al., Internet based
multicenter study for thoracolumbar injuries-a new concept and preliminary re-
sults, Eur. Spine J. 15 (2006) 1687–1694.
[10] Boerger TO, D. Limb, R.A. Dickson, Does ‘canal clearance’ affect neurological outcome
after thoracolumbar burst fractures? J. Bone Joint Surg. Br. 82 (2000) 629–635.
[11] G.P. Pal, R.V. Routal, Transmission of weight through the lower thoracic and lumbar
regions of the vertebral column in man, J. Anat. 152 (1987) 93–105.
[12] G.L. Lowery, J. Harms, Principles of load sharing, in: K.H. Bridwell, R.L. DeWald
(Eds.), The textbook of spinal surgery, second ed.Lippincott-Raven, Washington
1997, pp. 155–165.
[13] C. Knop, U. Lange, L. Bastian, M. Blauth, Three-dimensional motion analysis with
syntex, Eur. Spine J. 9 (2000) 472–485.
[14] S.A. Brau, R.B. Delamarter, M.L. Schiffman, L.A. Williams, R.G. Watkins, Left iliac ar-
tery thrombosis during anterior lumbar surgery, Ann. Vasc. Surg. 18 (2004) 48–51.
[15] V. Rajaraman, R. Vingan, P. Roth, R.F. Heary, L. Conklin, G.B. Jacobs, Visceral and vas-
cular complications resulting from anterior lumbar interbody fusion, J. Neurosurg.
91 (1999) 60–64.
[16] M.S. Kim, J.P. Eun, J.S. Park, Radiological and clinical results of laminectomy and pos-
terior stabilization for severe thoracolumbar burst fracture: surgical technique for
one-stage operation, J. Korean Neurosurg. Soc. 50 (2011) 224–230.
[17] V.J. Miele, M.M. Panjabi, E.C. Benzel, Anatomy and biomechanics of the spinal col-
umn and cord, Handb. Clin. Neurol. 109 (2012) 31–43.
[18] F. Denis, K. Burkus, Diagnosis and treatment of cauda equina entrapment in the ver-
tical lamina fracture of lumbar burst fracture, Spine 16 (1991) S433–S439.
